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Abstract
In this paper, a mounting method is proposed for antennas
used in ultra wideband (UWB) body area network (BAN)
channel sounding, which reduces the antenna’s electro-
magnetic coupling to the human body. Coupling with the
body is shown to distort the free space characteristics of
the antenna. An antenna mount modification is proposed
to reduce this distortion, and decrease the variation in an-
tenna characteristics when mounted. The antennas reflec-
tion coefficient from 4 to 9 GHz is used to assess the cou-
pling of two UWB BAN antennas when they are mounted
at different distances from the skin and at several loca-
tions on the body. The free space characteristics of the
modified antennas are also tested, showing a reduction of
up to 4.7 dB of radiated power into the body. The modi-
fied antennas are tested in BAN measurement campaigns
showing the fading depth and coherency time of the chan-
nels.
1 Introduction
The popularity of portable media and monitoring devices
has resulted in wireless communications systems increas-
ingly moving from fixed location transmitters and receivers,
to mobile ones, and even both the transmitter and receiver
being carried by a single user, forming a body area net-
work (BAN) [1, 2]. A limiting factor in many high data rate
BAN applications is the battery life, resulting in a need for
energy efficient systems, ultra wideband (UWB), operating
between 3.1 to 10.6 GHz, is seen as a technology that can
meet this growing demand for high data rate transmissions
at very low power levels [3].
Considerations for the propagation channel are an im-
portant part in the design of communication systems.
Hence significant effort has been undertaken to charac-
terise UWB local area network (LAN) channels, resulting
in standardised models for several environments [4]. How-
ever, UWB BAN channel characterisation is far less ad-
vanced, which is in part due to the great number of vari-
ables in the BAN environment, such as the body and pos-
ture of the user, antennas and mounting methods [5].
When an antenna is placed near a subject’s body in
BAN measurements, the antenna often electromagneti-
cally couples with the body and this causes the antennas
characteristics to alter, how much depends on the type of
antenna, distance from the body surface and the permittiv-
ity of the surrounding tissue [6, 7]. These variations in an-
tenna characteristics can cause significant problems when
measuring moving BAN channels, since the movement of
the subject can cause fluctuations in antenna character-
istics as well as the channel. Research in [2] suggests
the use of magnetic antennas to minimise the coupling of
the antennas to the body. However, for UWB, the choice
of suitable antennas can be small, so a method that de-
creases the coupling between any UWB antenna and the
body can be very desirable.
Although real devices are affected by antenna coupling,
for channel modelling the emphasis is on characterising
the channel, while also being aware of the effects of the
antenna. However, if the antenna characteristics are vary-
ing, it then becomes very complex to distinguish between
changes due to the antenna or the channel.
Ideally, for channel sounding, the antenna characteris-
tics would not alter when the antenna is in free-space or
mounted onto a body, as this would result in the free-space
characterisation of the antenna still being valid when the
antenna is mounted; however, in practice, antennas nor-
mally couple with items placed within their near-field [8].
To solve this problem, modifications were made to two
UWB antennas, one commercially available antenna [9]
and one fabric antenna [10], both suitable for BAN chan-
nel sounding, to limit their coupling with the body during
BAN measurements. The effects of body coupling on re-
turn loss were studied, as well as far-field radiation pattern
analysis of the modified antennas when they were off the
body. The work shows that a simple modification can sig-
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nificantly reduce the body coupling of the antenna, allow-
ing more accurate characterisation of the antenna when it
is in free-space. The modification also made the antenna
less sensitive to the mounting location on the body.
To study the effects of placing the antennas on the body,
the reflection (S11) and transmission (S21) coefficients of
the antennas were measured using a vector network anal-
yser (VNA), from 4 to 9 GHz, as the antennas were slowly
moved away from the body. To test any variability due to
the mounting location of the antenna on the body, the re-
flection coefficient tests were repeated at four locations;
the sternum, top of the thigh, the middle of the abdomen
and the top of the arm.
[11–13] showed that most of the transmitted energy at
UWB frequencies is absorbed into the body, and does not
pass through it. This causes the effective efficiency of the
antenna to decrease, since the energy radiating into the
body is lost. The proposed antenna modification uses this
property of UWB signals by employing radar absorbent
material (RAM) to shield the antenna from the user. This
reduces the radiation into the body, but still allows the prin-
cipal propagation mechanisms of UWB BAN.
To test the modifications in a measurement environ-
ment, a UWB periodic correlation based channel sounder
[14, 15] was used to take moving BAN channel measure-
ments in an office environment. Subsequently, the co-
herency time and fading depth of the channels were es-
timated from the measurement data.
2 Equipment
The first antenna under test (AUT) was a commercially
available SkyCross SMT-3TO10M-A [9], with stated oper-
ating range of 3.1 to 10 GHz, however the effective op-
erating range of the antenna was found to be between
3.7 and 9 GHz. This antenna was chosen due to its
common use in UWB BAN channel measurement cam-
paigns [11, 13, 16–18]. The SkyCross was mounted on a
printed circuit board (PCB). The total size of the antenna,
PCB and SubMiniature version A (SMA) connector was
35.1x18.5x3.88 mm. Both sides of the antenna are shown
in Figure 1a.
The second AUT was a fabric UWB annular slot an-
tenna [10]. This antenna was chosen as its fabric con-
struction allows direct integration into clothing. The oper-
ating range of this antenna was found to be between 4 and
10 GHz. The construction of the antenna was slightly mod-
ified from the design in [10] by placing all the metal of the
antenna on one side of the fabric, and changing the feed-
ing of the antenna, so that a 12 cm semi-rigid feedline was
attached to an SMA connector. This removed the SMA
connector from the base of the antenna, and improved its
performance. As changes in the field pattern when the an-
tenna flexed were unwanted, a 0.5 mm thick plastic sheet
was attached to the antenna making it rigid. The flex-
ing effects of the antenna are an important aspect to be
characterised. However, their investigation is out of the
scope of this work. The metallic size of the antenna was
40.3x31.5x1.3 mm without the feedline, the antenna was
used in a measurement campaign in [19], and is shown in
Figure 1b.
The antennas were analysed between 4 and 9 GHz
as both antennas gave their best performance over this
range. To test the coupling of the antennas with the body,
the reflection coefficient was investigated. This showed
the amount of energy accepted into the antenna from a
50 Ω source, which is also related to the reflection effi-
ciency of the antenna. When the antenna couples with
items within its near-field, changes in the reflection coef-
ficient are normally noticed [13, 20]. The test location on
the body used in this work, were chosen as they provide
a wide variation in body composition. As the sternum has
only a thin layer of skin covering bone, the thigh has a thick
layer of muscle, the abdomen has the most varied compo-
sition (fat, muscle and digestive organs) and the arm is
significantly smaller and more curved than the other loca-
tions.
To measure the reflection coefficients, the antennas un-
der test (AUT) were connected to an Anritsu 37397C VNA,
801 points were measured between 3 and 10 GHz, giv-
ing a frequency resolution of 10 MHz. When the anten-
nas were connected to the VNA, no objects were placed
within 0.5 m of the antennas and the front of the VNA was
shielded with RAM.
The free-space far-field radiation patterns were investi-
gated, giving insight into the radiated powers and gains of
the antennas. To measure the far-field radiation patterns
and total radiated power of the antennas, measurement fa-
cilities at Ilmenau University of Technology, Germany, were
used. Two identical reference horn antennas, made by Q-
Par [21], were used for the measurements. The results
were analysed using the two antenna method [8] to re-
move the reference antenna and channel characteristics
from the AUT measurements.
3 Reflection Coefficient
To test the antenna coupling with the body, the antennas
were strapped against the sternum, abdomen, thigh, and
top of the arm, with the separation between the antenna
and skin being varied between 0 and 20 mm in 5 mm
steps. The reflection coefficient of the antenna were mea-
sured at each location and separation distance, the 5 mm
steps in separation distance were achieved by using foam
spacers, the effect of placing the foam spacers on to the
antenna was tested and found not to influence its perfor-
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(a) SkyCross
(b) Fabric
Figure 1: Tested antennas, left-hand side front, right-hand
side back.
mance.
The S11 is related to the reflection efficiency er of the
antenna. If it changes significantly, this affects the overall
efficiency e0 of the antenna, since
eo = ereced ,
where eo is total efficiency, er, ec and ed are respectively
the efficiencies due to the reflection, conductivity and di-
electric. The S11 is related to er by: er = (1−|S11|2). As
it is impractical to undertake detailed characterisation of
the antenna when it is mounted on the body, instead this
is often undertaken in free-space. However, these results
become unreliable once the antenna is placed on the body
if the antenna has strong coupling with it. One method to
measure the change in coupling of an antenna is to mea-
sure the variation in S11.
As well as efficiency, fluctuations in the coupling also
cause changes in the radiation pattern. This affects chan-
nel sounding measurements, especially if used in a mov-
ing environment, as the fluctuating antenna effects would
also be embedded in the channel measurement.
To test the antennas coupling to the body, the S11 of the
antenna was measured as it was moved away from the
skin. These S11 results were then compared to the free-
space antenna S11 results. Figure 2 shows both antennas
S11 for free-space and when the antennas are mounted
5 mm away from the chest. Significant variation is no-
ticed in the results when the antenna is mounted onto the
chest such as the detuning of resonances in the antenna
and increases in the reflection coefficients. For concise-
ness, these results are summarised in Table 1 for the an-
tennas in free-space and when mounted on the sternum
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Figure 2: S11 results for both antennas when in free-space
and when mounted 5 mm away from the chest.
Table 1: S11 properties of the unmodified antennas when
in free-space and mounted onto the sternum (chest).
Distance SkyCross unmodified Fabric unmodified
from S11 > er S11 > er
chest -10dB Mean change -10dB Mean change
(mm) (%) (dB) (%) (%) (dB) (%)
Free-space 24.75 -14.6 0 0 -16.32 0
0 74.25 -7.83 -18.84 33.93 -14.8 -3.83
5 40.72 -12.59 -2.71 28.94 -12.41 -4.38
10 38.72 -12.58 -2 30.74 -12.16 -4.48
15 29.94 -11.94 -3.14 24.15 -11.93 -4.09
20 67.07 -10.59 -4.55 13.97 -13.38 -2.55
(chest). The table shows the percentage of S11 greater
than -10 dB, the average S11 value, and the change in
reflection efficiency compared to the free-space antenna,
where a positive value indicates a gain in efficiency and a
negative value a loss.
For both antennas, 0 mm separation from the body re-
sults in the largest gain in percentage of S11 greater than
-10 dB, and for the SkyCross antenna, this causes an 18%
decrease in er. For larger separations for both antennas,
the er decrease was around 4%, and a 2 to 3 dB increase
in average S11 compared to the free-space antenna re-
sults. These changes were typical for all locations, with
the antennas S11 performance significantly changing when
mounted, indicating that any characterisation of the anten-
nas in free-space would be of limited use once the anten-
nas were mounted.
To show the amount of change in S11, the magni-
tude of the complex correlation coefficient (|ρ(X ,Y )|) was
found between the antennas S11 in free-space and when
mounted on the body, these results are shown in Figure 3.
The correlation coefficient is given by:
ρ(X ,Y ) = E {(X −µX )(Y −µY )}
σX σY
(1)
where E{.} is the expectation operator, X and Y are the
two antennas reflection coefficient vectors with expected
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Figure 3: Correlation coefficient of antennas S11 when in
free-space and mounted on body.
values µX and µY , and standard deviations σX and σY .
A higher correlation coefficient between two S11 results
shows lower coupling between the antenna and the body.
Highly correlated signals provide correlation coefficients
above 0.9, below 0.7 can be considered weakly correlated,
and below 0.5 uncorrelated.
The results show that when the antennas are mounted
directly onto the body, their response changes signifi-
cantly compared to free-space, with a correlation coeffi-
cient magnitude around 0.4 to 0.5, which is considered
uncorrelated. In general, as the separation increases so
does the correlation, showing a decrease in coupling with
increased separation. For a separation of 10 and 15 mm,
the correlation of the fabric antenna could be considered
high. However, the SkyCross results are lower and much
more spread out compared to the Fabric antenna, mak-
ing the free-space analysis of the antenna inaccurate once
mounted.
To test the variation in coupling at different locations, the
correlation coefficient between each location was tested
and it was found that the correlation between S11 results
for each of the separations was high regardless of where
the antenna was located on the body. The largest varia-
tion was when the fabric antenna was placed directly onto
the skin, when the correlation between the arm and other
locations fell to 0.75. Otherwise, all other correlation coef-
ficient results were greater than 0.88.
4 Modification
Ideally, the S11 would not change when the antenna is
mounted onto a body, this would result in properties like
the reflection efficiency remaining the same, and the an-
tenna characteristics would not change depending on
where the antenna was mounted on the body.
One possible method of achieving this is to effectively
block the radiation from the back of the antenna, which
should not affect the antennas overall performance once
mounted on to the body, since most of the radiation
at UWB frequencies is absorbed and does not radiate
through the body [13].
To block the radiation from the back of the antenna a
55x55x10 mm piece of ECCOSORB AN73 RAM [22] was
used to isolate the antenna from the body. Since the RAM
would be fixed at a set distance, coupling with the RAM
should be constant, it would also be possible to test the
antenna with RAM in free-space. The RAM was placed on
the skin, and measurements were taken assessing the ef-
fects of varying the separation between it and the antenna.
The RAM faced the back of each antenna, which is defined
as the side of the antenna facing the negative y direction
in Figure 1.
As the modifications can be considered part of the an-
tenna, the test comparing the antennas in free-space and
when mounted, are between the antenna with the RAM
fixed at a certain distance from the antenna when it is in
free-space and mounted on the body.
Table 2 shows S11 properties of the antennas with the
RAM when it is in free-space and mounted to the sternum.
In the table, the percentage of S11 greater than -10 dB and
average S11 value are shown, along with the change in
reflection efficiency when the antenna and RAM is in free-
space and mounted.
Comparing the results in Table 2 to the ones in Table 1,
it is seen that the variation between the mounted and free-
space antennas average S11 is below 1.2 dB for all sep-
arations for the modified antenna. This compares to an
average change of over 2 dB and a maximum change of
6.7 dB for the unmodified antenna. The average change
in reflection efficiency also shows low coupling of the an-
tenna to the body, with an average change of under 0.5%,
this shows a significant improvement in the stability of the
reflection efficiency when the RAM is used when mounting
the antenna.
To test the variation of the antennas with the RAM when
in free-space and when mounted, the magnitude of the
complex correlation coefficient (|ρ(X ,Y )|) of the S11 was
found, and the results are shown in Figure 4.
When these results are compared to Figure 3, where
no RAM was used, significant improvements in the re-
duced coupling are noticed. For large separations of 15
to 20 mm the correlation coefficient of S11 falls to 0.8 for
the chest and abdomen locations, this is likely due to the
square piece of RAM no longer shielding the body from
the direct radiation from the antenna, allowing greater cou-
pling with the body. However, for most other separations
and locations, the correlation coefficient was above 0.9,
showing very strong correlation between the free-space
and mounted S11 characteristics, with separations of 5 and
10 mm providing the best overall performance.
The correlation coefficient between the S11 for the dif-
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Table 2: S11 properties of the modified antennas when in free-space and mounted onto the sternum (chest).
Modified SkyCross Modified Fabric
Distance Free-space Mounted Free-space Mounted
from chest S11>-10dB Mean S11>-10dB Mean er change S11>-10dB Mean S11>-10dB Mean er change
(mm) (%) (dB) (%) (dB) (%) (%) (dB) (%) (dB) (%)
0 18.76 -12.9 2.99 -12.75 0.79 0 -16.58 1.8 -17.22 -0.79
5 9.78 -12.95 17.96 -13.61 0.28 0 -15.58 11.98 -15.95 -0.07
10 26.95 -12.6 31.34 -11.41 -1.01 0 -14.1 9.98 -15.79 0.42
15 36.93 -11.53 38.32 -11.02 -0.59 0 -14.64 2 -17.84 0.32
20 31.14 -11.44 34.13 -11.47 0.02 0 -17.92 0.4 -17.63 -0.28
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Figure 4: Correlation coefficient of modified antennas S11
when in free-space and mounted on body.
ferent mounting locations was also calculated. The largest
difference was when the fabric antenna was mounted onto
the arm, with no separation between the antenna and
RAM, when the correlation coefficient between this loca-
tion and the other locations fell to 0.7. Otherwise, a cor-
relation coefficient of above 0.9 was found for all locations
and antennas, and for separations of 5 or 10 mm the corre-
lation coefficient was very high at 0.97. This shows a very
low sensitivity to mounting location for these antenna-RAM
separations, and shows even less sensitivity than the un-
modified antennas.
The transmission response of the antennas were mea-
sured in free-space to assess the effects of placing the
RAM at different distances from the antenna. This was
done in an anechoic chamber, with a bicone antenna [23],
which operated over the full UWB bandwidth, as a trans-
mitter, and the AUT 1 m away from it. The transmission re-
sponse was measured at different RAM spacings to aid the
choice of the optimum spacing for the antenna in channel
sounding measurements. It was found that the variation in
received power fluctuated for all the measured distances
by about 2 dB. The larger separations generally gave the
slightly stronger signal power. However as this was only
a marginal gain, and as Figure 4 shows, the reflection co-
efficient changed the most when mounted onto the body
for separations of greater than 15 mm. Also, for channel
sounding a small antenna is desirable, as it would remain
Table 3: Radiated Power of the antennas from the com-
plete sphere, the positive y facing hemisphere, and nega-
tive y facing hemisphere.
Radiation hemisphere
Both Forward Backward
SkyCross (dB) -50.89 -54.38 -53.48
Modified SkyCross (dB) -53 -56.08 -55.94
Difference (dB) 2.11 1.7 2.46
Fabric (dB) -52.43 -55.52 -55.37
Modified Fabric (dB) -55.32 -57.06 -60.14
Difference (dB) 2.89 1.54 4.77
close to the user’s skin. A small separation between the
antenna and RAM was desirable because when the RAM
was mounted directly onto the antenna, the reflection coef-
ficient changes significantly compared to free-space, this
may lead to undesired characteristics in the antenna re-
sponse. A separation of 5 mm was chosen as it provides a
compact antenna, with good coupling rejection and trans-
mission power. This separation had also been used for
the unmodified SkyCross antenna in [17, 18, 24] for chan-
nel sounding measurements.
To fully characterise both antennas with a RAM separa-
tion of 5 mm, the three dimensional radiation patterns were
measured for each antenna. The two antenna method
was used to de-embed the reference horn antenna and
the channel from the measurements [8], and the antenna
transfer functions were estimated, allowing the radiation in-
tensities and the total radiated powers from the antennas
to be found. The azimuth total radiation gain of both an-
tennas is shown in Figure 5, the RAM covers both anten-
nas azimuth angels from -180 to 0 degrees. Both anten-
nas stronger beams are now in the positive azimuth angle
directions, with the RAM suppressing radiation from the
back of the antenna. The less directional behaviour of the
SkyCross is also noticed in Figure 5, with the fabric an-
tenna producing a dominant beam between 50 and 150
degrees, with deeper fades around the edges of the an-
tenna. Since the RAM blocks significant radiation from the
back hemisphere of the antennas, the difference in the ra-
diated power from modified and unmodified antennas were
found for: the complete radiation sphere, radiation from the
front, and from the back hemispheres of the antennas.
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Figure 5: Modified antenna azimuth total gain patterns for
90 degrees elevation angle.
Table 3 summarises the results, also showing the dif-
ference between the modified and unmodified antennas.
Placing the RAM on the antennas shows a decrease in
the radiation power of both the front and back hemisphere
radiation for both antennas. It decreases the forward radia-
tion by about 1.5 dB for both antennas, while the SkyCross
reverse radiation decreases by 2.4 dB, and the fabric an-
tenna by 4.7 dB. The RAM will also attenuate any reflected
signal from the body, as the wave passes for a second time
through the RAM.
5 Channel Sounding
To test the antennas in a channel measurement scenario,
an office was used at TOSHIBA TRL, Bristol, UK, a mul-
tiple input multiple output (MIMO) UWB periodic correla-
tion based channel sounder [14,15,23] was used, capable
of taking measurements in moving environments, with a
bandwidth and centre frequency of 6.95 GHz. The chan-
nel sounder was setup in 1x4 single input single output
(SIMO) configuration, however, only a single input single
output (SISO) channel was considered for this analysis.
The receive antenna was attached to the left waist, and
the transmitter was mounted on the sternum (chest), right
wrist, and the middle of the back between the shoulder
blades, the antennas were orientated with their x axis
horizontal for the sternum, back and waist locations; for
the wrist location the x axis was vertical when the arm
was hanging relaxed. One thousand channel impulses
were measured for each transmitter location when the user
stood still and walked slowly on the spot.
To find the maximum speed of movement, an identical
channel sounder was tested at Ilmenau University of Tech-
nology, Germany. The test involved moving a receive an-
tenna away from a fixed transmitter, the test was repeated
several times varying the speed of motion. To find the max-
imum speed of motion, the time domain channel impulse
response was interpolated and the phase of the peak line
of sight (LOS) component was found. A maximum phase
change between consecutive samples of 60 degrees was
chosen. The sounder was setup so that for every outputted
impulse response, it averaged 32 actual channel measure-
ments. If the phase change was above 60 degrees, then
the first and last measurement would begin to cancel, dis-
torting the result. Therefore, consecutive outputted mea-
surement results should have phase changes of less than
60 degrees.
The maximum movement can be found theoretically, us-
ing the sampling time of the sounder and its centre fre-
quency ( fc). The sampling time of the sounder (Ts) us-
ing 32 hardware averages was 19.3 ms, then setting the
maximum phase change (dθ) to 60 degrees, the maximum
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Table 4: Channel fading depths for the BAN measure-
ments.
Fading Depth (dB)
SkyCross Fabric
Location Standing Walking Standing Walking
Back 0.18 1.01 0.17 1.17
Chest 0.19 0.83 0.14 0.48
Wrist 0.36 3.72 0.24 3.2
speed of movement (Vmax) is given by
Vmax =
(dθ/360)C0
fcTs ,
where C0 is the speed of light. Giving a theoretical maxi-
mum speed of 0.37 ms−1. This corresponds well with one
measurement test that had an average phase change of
55 degrees, and a speed of 0.34 ms−1. For all the BAN
channel measurements the maximum speed of movement
was kept below this speed.
In the following results, the fading depth and the co-
herence time of the channels for both antennas and all
measurement locations are shown. The correlation coeffi-
cient R between two UWB channels at sample times t and
t +∆t, with frequency response H( f , t) and H( f , t +∆t),
is defined by
R =
E{H( f , t)H∗( f , t +∆t)}
√
E{H( f , t)H∗( f , t)}E{H( f , t +∆t)H∗( f , t +∆t)}
where the expectation is taken over frequency. The corre-
lation time is taken as the time that R is greater than 0.75.
For the tests ∆t was set to multiples of the sounding time of
19.3 ms. The fading depth was found from the cumulative
distribution function (CDF) of the average received power,
and was defined by the fading margin between 10% and
50% of the CDF of the total received channel power.
The received power CDF for each test are shown in Fig-
ure 6, the corresponding fading depth are shown in Ta-
ble 4. The stationarity of the channels when the subject
is standing is shown by the very small fading depth, and
almost vertical lines in the CDF plots. Due to the strong
LOS components from the chest to waist, even when the
user walks the fading depth is relatively small, as shown
in the table. The connection between the waist and the
back, does not have the strong LOS component, and so
shows a larger fading depth as the user walks. The large
movements of the arm cause a large fading depth when
the antennas are mounted onto the wrist, as they pass
from near LOS to non-LOS during each stepping motion.
The coherency time of the walking movements are
shown in Figure 7, the speed of the movements results in
a longer coherency time than would be expected for nor-
mal walking speed. However it does show the wrist having
a much smaller coherency time than the other locations,
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Figure 6: CFD of received channel powers of the BAN
channel measurements.
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Figure 7: Coherency time of BAN channel measurement,
for the user walking slowly on the spot.
this is due to the relative environment changing at a much
greater speed as the arm swings during the movement.
6 Discussion
The presented antenna mounting modification provides
lower antenna coupling with the body, resulting in less vari-
ation in the antenna characteristics when the antenna is
mounted onto a body, allowing for more accurate off body
characterisation of the antenna. Although this modifica-
tion was proposed to minimise the antenna coupling for
channel measurements, it could also be used in consumer
products, as the modification reduces unnecessary and
possibly harmful radiation into the body. It also decreases
the uncertainty of antenna variation in link budget design.
The current form of the antenna module is reasonably
thick, since 1 cm of RAM and 5 mm of foam spacer sep-
arates the antenna from the skin. If an alternative type of
RAM was used, such as ECCOSORB FGM-U [25], simi-
lar performance could be achieved with a RAM thickness
of about 2 mm. Further studies of the separation of the
RAM and antenna may also lead to a reduced separation,
producing a much thinner final device.
7 Conclusion
A simple ultra wideband (UWB) body area network (BAN)
antenna mounting modification has been proposed that
decreases the electromagnetic coupling of an antenna
when mounted on to the human body. This modification
involved isolating the antenna by placing radar absorbent
material between it and the body. The modification was
tested on two antennas, and was found to reduce the
variation in reflection coefficient when the antenna was
mounted onto the body compared to free-space. This re-
duction in variation is useful as it allows better character-
isation of the antenna off the body. This can be benefi-
cial when measuring moving body area network channels,
as the antenna effects remain more stable, allowing for
characterisation of the variations in the channel, while be-
ing aware of the antenna response, instead of measuring
a combination of the varying channel and antenna. The
free-space characteristics of the modified antenna were
analysed, finding a decrease in radiation into the body of
up to 4.7 dB. The modified antennas were also tested in a
moving BAN channel measurement campaign, finding co-
herency time and fading depth of the UWB BAN channel.
It was found that connections between the body and the
wrist provided a significantly more variable channel, com-
pared to connections around the torso.
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